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© In a method for effecting precision laser machin- 
ing to a work by a laser machining head through 
additional operation shaft means (8) mounted to a 
robot body (1) of a multi-joint type laser robot, a 
required time (A+B) for taking the machining head 
by rapid feed from an origin point (OR) to a machin- 
ing start point (E) according to various machining 
specifications stored in a rewritable storage means 
and a required time (C) for taking it similarly to the 
starting point without using rapid feed are calculated 
and compared with each other by arithmetic means 



(CPU) provided to a robot controller (10) of the laser 
robot Only when the required time (A + B) is shorter 
than the required time (C), a rapid feed command is 
given automatically to driving motors (MA, MB) of 
the additional operation shaft means (8) so that the 
rapid feed operation of the laser machining head 
becomes effective to a predetermined laser machin- 
ing trajectory. In this way, judgement is made auto- 
matically and laser machining efficiency can be im- 
proved. 
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Technical Field 

The present invention relates to a laser ma- 
chining method employing a multi-articulated laser- 
equipped robot having a plurality of axes of motion 
(an axis about which one of the movable elements 
of an industrial robot has a degree of freedom of 
motion is referred to as an axis of motion.), and a 
multi-articulated laser robot provided with a control 
apparatus for carrying out the method. More par- 
ticularly, it relates to a laser-beam machining meth- 
od that feeds a laser-beam projecting unit, attached 
to the extremity of a laser robot, by the controlling 
operation of an additional motion- axis mechanism, 
incorporating therein two feed motors, along a nar- 
row machining locus of a small diameter to thereby 
efficiently machine a workpiece with a laser beam 
projected through a laser beam projecting nozzle 
on the laser beam projecting unit, and a multi- 
articulated laser robot suitable for carrying out the 
laser-beam machining method. 

Background Art 

A laser robot, particularly a well-known multi- 
articulated laser robot having freedom of motion 
about six axes, is provided with a robot wrist , i.e.„ 
one of the movable elements of the robot, attached 
to the extremity thereof. The robot is further pro- 
vided with an additional-axis mechanism including 
two drive motors and moves a laser beam projec- 
ting unit along a predetermined path, i.e., a feed 
path, in a biaxial coordinate plane using the addi- 
tional motion-axis mechanism. Such a laser robot 
capable of forming a precision small hole in a 
workpiece by feeding the laser beam projecting 
unit along a circular feed path having a small 
diameter has been proposed and put into practical 
use for laser-beam machining. 

A multi-articulated laser robot provided with the 
above-mentioned additional motion-axis mecha- 
nism has a robot unit as shown in Fig. 1, and the 
operation of the robot unit is controlled by a well- 
known robot controller for implementing the desired 
laser-beam machining. 

The robot unit 1 has a robot base 2, a robot 
body 3 set upright on the robot base 2, a turning 
robot body 4 turnably joined to the upper part of 
the robot body 3, a robot upper arm 5 pivotally 
joined for rotating about a horizontal axis to one 
end of the turning robot body 4, a robot forearm 6 
pivotally joined, for rotating about a horizontal axis 
relative to the robot upper arm 5, to the extremity 
of the robot upper arm 5, a robot wrist 7 having 
three degrees of freedom of motion, joined to the 
extremity of the robot forearm 6 and capable of 
rotatinging about three axes perpendicular to one 
another in a three-dimensional space, and an addi- 



tional motion-axis mechanism 8 attached to the 
robot wrist 7 and holding a laser-beam machining 
head 9 including a laser beam projecting device 
that projects a laser beam for laser-beam machin- 
5 ing. 

The additional motion-axis mechanism 8 is pro- 
vided with two built-in drive motors, such as ser- 
vomotors, not shown, and controls the laser-beam 
projecting nozzle 9a of the laser- beam machining 

io head 9 for movement, for example, along a desired 
path in an orthogonal biaxial coordinate plane ac- 
cording to commands provided by the robot con- 
troller so as to carry out laser-beam machining of a 
workpiece by the use of a laser beam for cutting, 

75 boring and such. 

The additional motion-axis mechanism 8 is 
mainly used as a mechanism specially for forming 
small holes with the laser-beam machining head 9. 
The additional motion-axis mechanism 8 holds the 

20 laser beam projecting nozzle 9a at a predetermined 
position of origin while the movable elements of the 
six-axis system (the revolving robot body 4, the 
robot upper arm 5, the robot forearm 6 and the 
robot wrist 7) of the robot unit 1 are in operation, 

25 and the two drive motors of the additional motion- 
axis mechanism 8 are actuated after the laser 
beam projecting nozzle 9a of the laser-beam ma- 
chining head 9 has been positioned by the robot 
unit 1 at the center of a small hole to be formed so 

30 as to move the laser beam projecting nozzle 9a of 
the laser-beam machining head 9 along a machin- 
ing locus, such as a circular locus, corresponding 
to the circumference of the desired small hole to 
form the small hole by laser-beam machining. 

35 When feeding the laser beam projecting nozzle 

9a of the laser-beam machining head 9 to form 
such a small hole, the additional-axis mechanism 8 
positions and stops the laser beam projecting noz- 
zle 9a at a position of origin, moves the laser beam 

40 projecting nozzle 9a for a straight approach travel 
from the origin position to a position corresponding 
to a point on a desired machining locus, and then 
feeds the laser beam projecting nozzle 9a along 
the desired machining locus to complete the opera- 

45 tion of laser-beam machining. 

Generally, in such a laser-beam machining pro- 
cess, the workpiece is initially pierced therethrough 
by a laser beam, and then the laser beam projec- 
ting nozzle 9a is moved along the machining locus 

50 to cut the workpiece by the laser beam. A laser- 
beam machining method shown in Fig. 6 carries 
out piercing at the position of origin and another 
laser-beam machining method shown in Fig. 7 car- 
ries out piercing at a predetermined piercing posi- 

55 tion near a desired machining locus, such as a 
position where the edge of a through-hole formed 
by piercing by the laser beam does not cross the 
machining locus, moves the laser beam for an 
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approach travel toward the machining locus, and 
then, moves the laser beam along a machining 
locus for laser-beam machining. 

The former laser-beam machining method 
moves the laser beam projecting nozzle 9a of the 
laser-beam machining head 9 from the position of 
origin to a position corresponding to a point on the 
desired machining locus at a predetermined com- 
paratively low machining speed along a straight 
path for an approach travel, and then moves the i 
laser beam projecting nozzle 9a along the machin- 
ing locus at a low machining speed for laser-beam 
machining. Therefore, this laser-beam machining 
method takes more machining time and hence the 
machining efficiency, i.e., machining rate, is rather i 
low. 

The latter laser-beam machining method 
moves the laser beam projecting nozzle 9a at a 
quick-feed speed from the origin position to the 
predetermined piercing position near the desired 2 
machining locus, carries out piercing at the pierc- 
ing position, and then carries out laser-beam ma- 
chining at a machining speed lower than the quick- 
feed speed. Therefore, this laser-beam machining 
method is seemingly able to carry out laser-beam 21 
machining at an improved machining efficiency. 
Practically, it is not necessarily true that the latter 
laser-beam machining method is able to complete 
a laser-beam machining process in less time than 
that required by the former laser-beam machining 3c 
method, because the latter laser-beam machining 
method needs to position the laser beam projecting 
nozzle 9a at the predetermined piercing position 
near the machining locus and needs to execute 
more positioning operations than the former laser- 35 
beam machining method. 

Accordingly, the selection of either a laser- 
beam machining method that starts laser-beam 
machining from the position of origin at a low 
machining speed and continues laser-beam ma- 40 
chining without increasing the low machining speed 
or a laser-beam machining method that moves the 
laser beam projecting nozzle at a quick-feed speed 
from the position of origin to the predetermined 
piercing position on the approach path, and then 45 
carries out laser-beam machining at a low machin- 
ing speed has been determined by the operator by 
a trial-and-error method or by a rule of thumb. The 
above-mentioned selection of a laser-beam ma- 
chining method has the inevitable disadvantage 50 
that the laser-beam machining cannot be carried 
out at the highest possible machining efficiency. 

The selection of a laser-beam machining meth- 
od by the operator by a trial-and-error method or 
by a rule of thumb is an impediment to the promo- 55 
tion of automation of laser-beam machining by 
means of a laser robot. 



Disclosure of the Invention 

Accordingly, an object of the present invention 
is to provide a laser-beam machining method ca- 
pable of eliminating the disadvantages of, and solv- 
ing problems encountered in, the conventional la- 
ser-beam machining method, using the additional 
motion-axis mechanism of a laser robot, and a 
multi-articulated laser robot provided with a control 
means enabling implementation of the laser-beam 
machining method. 

Another object of the present invention is to 
provide a laser-beam machining method capable of 
automatically carrying out laser-beam machining 
using the additional motion-axis mechanism on a 
laser robot at a high machining efficiency, and a 
control means indispensable for carrying out the 
laser-beam machining method of the present inven- 
tion. 

In view of the foregoing objects, when carrying 
out precision laser-beam machining by moving the 
laser beam projecting nozzle of a laser-beam ma- 
chining head (laser beam projecting device), which 
is positioned and held beforehand at a position 
corresponding to a position of origin of a machining 
locus by the operation of the movable components 
of the laser robot, along the machining locus with 
the two drive motors of the additional motion-axis 
mechanism of the laser robot, first the present 
invention calculates the time necessary for moving 
the laser beam projecting nozzle along a straight 
approach path from the position corresponding to 
the origin position to a position corresponding to a 
point on the machining locus by a laser-beam 
machining mode in which laser-beam machining is 
started after carrying out piercing operation at the 
original position and the time necessary for moving 
the laser beam projecting nozzle along a straight 
approach path from the position corresponding to 
the origin position to a position corresponding to a 
point on the machining locus in another laser-beam 
machining mode in which the laser beam projec- 
ting nozzle is moved along a straight approach 
path from the position corresponding to the origin 
position to a position corresponding to a predeter- 
mined piercing point on the straight approach path 
at a comparatively high quick-feed speed, piercing 
operation is carried out at the piercing point, and 
then laser-beam machining is carried out at a com- 
paratively low machining speed, on the basis of 
known conditions for the operation of the laser 
robot and the additional motion-axis mechanism, 
including the distance between the origin position 
and the position corresponding to the point on the 
desired machining locus, the machining speed, the 
quick-feed speed, the time constant corresponding 
to time necessary for the moving speed of the 
laser beam projecting nozzie io increase from zero 
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to the predetermined machining speed, and the 
time constant corresponding to time necessary for 
the moving speed of the laser beam projecting 
nozzle to increase from zero to the predetermined 
quick-feed speed, compares the calculated neces- 
sary times, gives a quick-feed command automati- 
cally to the additional motion-axis mechanism to 
carry out laser-beam machining only when the nec- 
essary time required by the laser-beam machining 
mode in which the laser beam projecting nozzle is 
moved to the predetermined piercing position at a 
quick-feed speed is shorter than the other neces- 
sary time. 

The present invention provides a laser-beam 
machining method that feeds the laser beam pro- 
jecting nozzle of a laser robot for a straight ap- 
proach travel with two drive motors along a straight 
approach path from a position corresponding to a 
predetermined position of origin on a workpiece to 
a position corresponding to the starting position of 
a desired machining locus, and feeds the laser 
beam projecting nozzle from the position corre- 
sponding to the starting position along the desired 
machining locus, comprising: 

presetting a distance R for the straight ap- 
proach travel, a quick-feed speed VO, a machining 
speed V1, a time constant corresponding to time 
necessary for the feed speed to increase from zero 
to the set quick-feed speed, and a time constant 
corresponding to time necessary for the machining 
speed to increase from zero to the set machining 
speed as machining conditions; 

calculating first approach time necessary for 
machining the workpiece with a laser beam from 
the position of origin selected as a piercing position 
where the laser beam projected through the laser 
beam projecting nozzle pierces the workpiece to 
the starting position on the desired machining locus 
at a predetermined machining speed along the 
straight approach path, on the basis of the machin- 
ing conditions; 

calculating second approach time necessary 
for selecting a predetermined piercing position near 
the starting position on the straight approach path, 
quick-feeding the laser beam projecting nozzle 
from a position corresponding to the position of 
origin to a position corresponding to the predeter- 
mined piercing position at a quick-feed speed high- 
er than the predetermined machining speed, and 
carrying out laser beam machining, after piercing 
the workpiece, from a predetermined point on the 
straight approach path to the starting position at the 
machining speed by feeding the laser beam pro- 
jecting nozzle along a straight path on the basis of 
the machining conditions; 

comparing the first approach time and the sec- 
ond approach time; and 

quickly feeding the laser beam projecting noz- 



zle from the position corresponding to the position 
of origin to the position corresponding to the pre- 
determined piercing position only when the second 
approach time is shorter than the first approach 
5 time. 

The present invention also provides a multi- 
articulated industrial robot including a multi-articu- 
lated robot unit, an additional motion-axis means 
for feeding a laser beam projecting nozzle of a 

io laser beam projecting means provided on the robot 
unit for a straight approach travel with two drive 
motors along a straight approach path from a posi- 
tion corresponding to a predetermined position of 
origin on a workpiece to a position corresponding 

75 to a starting position of a desired machining locus, 
and feeding the laser beam projecting nozzle from 
the position corresponding to the starting position 
along the desired machining locus, and control 
means for controlling the operation of the additional 

20 motion-axis means, wherein the control means 
comprises: 

a storage means capable of presetting a dis- 
tance R for the straight approach travel, a quick- 
feed speed VO, a machining speed V1, a time 

25 constant corresponding to time necessary for the 
feed speed to increase from zero to the set quick- 
feed speed VO, and a time constant corresponding 
to time necessary for. the machining speed to in- 
crease from zero to the set machining speed V1 for 

30 the machining conditions, and of storing the preset 
machining conditions; 

a calculating means capable of calculating a 
first approach time necessary for machining the 
workpiece, using a laser beam, from the position of 

35 origin selected as a piercing position where the' 
laser beam projected through the laser beam pro- 
jecting nozzle pierces the workpiece to the starting 
position of the desired machining locus at a pre- 
determined machining speed along a straight path 

40 and second approach time necessary for selecting 
a predetermined piercing position near the starting 
position on the straight approach path, quick-feed- 
ing the laser beam projecting nozzle from a posi- 
tion corresponding to the position of origin to a 

45 position corresponding to the predetermined pierc- 
ing position at a quick-feed speed higher than the 
predetermined machining speed, and carrying out 
laser-beam machining, after piercing the workpiece, 
from a predetermined point on the straight ap- 

50 proach path to the starting position at the machin- 
ing speed by feeding the laser beam projecting 
nozzle along a straight path, on the basis of the 
machining conditions stored in the storage means; 
and 

55 a command control means which gives a 

quick-feed command to the two drive motors only 
when the second approach time is shorter than the 

first approach time. 



5 



7 



EP 0 631 838 A1 



8 



In accordance with the above-mentioned con- 
trol means, the first approach time and the second 
approach time are calculated by the calculating 
means, and the quick-feed operation is executed 
automatically according to a command provided by 
the command control means only when the second 
approach time required by a laser-beam machining 
process including quick-feed operation is shorter 
than the first approach time. Therefore, the addi- 
tional motion-axis means always feeds the laser- 
beam machining head with high efficiency and, 
consequently, laser-beam machining, particularly,' 
precision laser-beam machining for forming a small 
hole by using the additional motion-axis means can 
be achieved with high efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will be made 
more apparent hereinafter from the description of 
preferred embodiments thereof with reference to 
the accompanying drawings wherein: 

Fig. 1 is a front view illustrating a general con- 
struction of a laser robot unit of a multi-articu- 
lated laser robot provided with an additional 
motion-axis means; 

Fig. 2 is a block diagram of a control means for 
controlling a multi-articulated laser robot so as 
to carry out a laser-beam machining method in 
accordance with the present invention; 
Fig. 3 is a diagrammatic view of a locus along 
which the laser beam projecting nozzle of a 
multi-articulated laser robot is moved by an ad- 
ditional motion-axis means when the laser-beam 
machining method of the present invention is 
carried out in a laser-beam machining mode 
including quick-feed operation; 
Fig. 4 is a diagrammatic view of a locus along 
which the laser beam projecting nozzle of a 
multi-articulated laser robot is moved by an ad- 
ditional motion-axis means when the laser-beam 
machining method of the present invention is 
carried out in another laser-beam machining 
mode not including quick-feed operation; 
Fig. 5 is a graphcal view illustrating the variation 
of the moving speed V of the laser beam projec- 
ting nozzle with time, and the time necessary for 
the laser beam projecting nozzle to reach a 
position corresponding to a point on a machin- 
ing locus, for a laser-beam machining mode 
including quick-feed operation and a laser-beam 
machining mode not including quick-feed opera- 
tion; 

Fig. 6 is a diagrammatic view of assistance in 
explaining a conventional method of feeding a 
laser beam projecting nozzle in forming a small 
hole by ihe laser-beam machining operation of a 



laser-beam machining head driven by an addi- 
tional-axis mechanism; and, 
Fig. 7 is a diagrammatic view of assistance in 
explaining another conventional method of feed- 
5 ing a laser beam projecting nozzle in forming a 

small hole by the laser-beam machining opera- 
tion of a laser-beam machining head driven by. 
an additional motion-axis means. 

w Best Mode of Carrying out the Invention 

Referring to Fig. 2, a robot controller 10 is 
connected by signal lines, indicated by a line con- 
sisting of alternating single long and double short 
;5 dashes to a robot unit 1 to move or position a 
laser- beam machining head 9 provided with a 
laser beam projecting device connected to an addi- 
tional-axis mechanism 8 attached to a robot wrist 7 
(Fig. 1) by controlling the operation of the movable 
20 components of the robot unit. The robot controller 
10 has a built-in memory 1, i.e., a ROM, storing 
basic programs for robot control and such, and a 
rewritable memory 2 i.e., a RAM, for storing laser- 
beam machining programs entered by operating an 
25 input means. The robot controller 10 controls the 
movable components of the robot unit 1 through a 
CPU and an interface 11 according to the pro- , 
grams stored in the memories 1 and 2. 

Machining conditions for precision laser-beam 
30 machining, in which the laser-beam machining 
head 9 is fed by an additional motion-axis mecha- 
nism 8 according to the present invention, such as 
a distance R for a straight approach travel of the 
laser beam projecting nozzle 9a (Fig. 1) of the 
35 laser-beam machining head 9 between a position 
corresponding to a position of origin and a position 
corresponding to a point on a machining locus, a 
predetermined quick-feed speed V0, a time con- 
stant corresponding to time necessary for feed 
40 speed to increase from zero to the quick-feed 
speed, and such, for forming a small hole and the 
like are stored beforehand in the memory 2 of the 
robot controller 10. If required, necessary data can 
be fetched from the laser-beam machining pro- 
45 grams during precision laser-beam machining op- 
eration; for example, a laser-beam machining 
speed V1 among those set for the laser-beam 
machining programs can be used. 

The additional motion-axis mechanism 8 is a 
so driving mechanism provided with two drive motors 
MA and MB, i.e., servomotors, and is capable of 
accurately controlling the operation for moving the 
laser-beam machining head 9 in an orthogonal, 
biaxial coordinate system. The additional-axis 
55 mechanism 8 is used for the aforesaid precision 
laser-beam machining for forming a small hole or 
the like. This laser-beam machining is more pre- 
cise than the iaser-beam machining which can be 
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carried out by moving the laser-beam machining 
head 9 along a predetermined machining locus by 
operating the movable components of the robot 
unit 1, i.e., the revolving robot body, the robot 
upper arm, the robot forearm and the robot wrist of 
the robot unit 1 . 

The drive motors MA and MB of the additional 
motion-axis mechanism 8 are controlled by a motor 
controller 12. The motor controller 12 is connected 
to the robot controller 1 0 and sends control signals 
to the drive motors MA and MB of the additional 
motion-axis mechanism 8 according to command 
signals sent thereto from the robot controller 10. 

The enhancement of the efficiency of a laser- 
beam machining method according to the present 
invention to be carried out by operating the laser- 
beam machining head 9 by the additional motion- 
axis mechanism 8 according to the control opera- 
tion of the robot controller 10 will be described 
hereinafter. 

Figures 3 and 4 show two laser-beam machin- 
ing modes, in which the movement of the laser- 
beam machining head 9 is controlled by the addi- 
tional motion-axis mechanism 8, as applied, by way 
of example, to forming an elliptic hole in a work- 
piece by laser-beam machining. Naturally, the 
highly efficient laser-beam machining method of 
the present invention is applicable also to forming 
holes other than the elliptic hole, such as truly 
circular holes and square holes. 

When the laser beam projecting nozzle 9a of 
the laser-beam machining head 9 is to be con- 
trolled so as to travel along an elliptic machining 
locus F shown in Figs. 3 and 4, first the movable 
components of the robot unit 1 are operated to 
position the laser beam projecting nozzle 9a of the 
laser-beam machining head 9 at a position cor- 
responding to the central position OR of the ma- 
chining locus F. During this laser beam projecting 
nozzle positioning operation, the additional motion- 
axis mechanism 8 stops and holds the laser beam 
projecting nozzle 9a of the laser-beam machining 
head 9 at its position of origin using the drive 
motors MA and MB. 

In the case shown in Fig. 3, the laser beam 
projecting nozzle 9a is moved at a quick-feed 
speed V0 from a position corresponding to the 
central position OR of the machining locus F to a 
position corresponding to a predetermined point, 
i.e., a piercing point S, on a straight approach path 
having a length corresponding to the distance R, a 
piercing operation is carried out at the piercing 
point S, and then the laser beam projecting nozzle 
9a is moved at a machining speed V1 lower than 
the quick-feed speed V0 from the piercing point S 
to a laser-beam machining starting point E on the 
machining locus F along a final approach section, 
having a length corresponding to a distance L cf 



the approach path, and along the machining locus 
F for laser-beam machining. 

In the case shown in Fig. 4, the central position 
OR of the machining locus F is used as the pierc- 

5 ing point S, piercing is carried out by the laser 
beam projected by the laser-beam machining head 
9 at the piercing point S, and then laser-beam 
machining is started from the piercing point S 
without moving the laser beam projecting nozzle 9a 

10 at the quick-feed speed, to move the laser beam 
projecting nozzle 9a at the slower machining speed 
V1 through the laser-beam machining starting point 
E along the machining locus F for laser-beam 
machining. 

75 In accordance with the present invention, a 

control means of the controller 10 is capable of 
determining which one of the laser-beam machin- 
ing modes of Figs. 3 and 4 should be selected in 
order to achieve highly efficient laser-beam ma- 

20 chining. Usually, the quick-feed speed Vo is used 
only for shifting the laser beam projecting nozzle 
9a from one point to another and is a compara- 
tively high speed in the range of 100 to 200 
mm/sec, while the machining speed V1 is used for 

25 moving the spot of the laser beam along the ma- 
chining locus and is a comparatively low speed in 
the order of 30 mm/sec. Naturally, it should be 
understood that these values are not intended to 
restrict the present invention. 

30 In accordance with the present invention, the 

approach time necessary for the laser beam pro- 
jecting head 9a to travel from the position of origin 
OR of the machining locus F to the laser-beam 
machining starting point E on the machining locus 

35 F for each of the laser-beam machining modes 
shown in Figs. 3 and 4 is calculated, the approach 
time for the laser-beam machining mode shown in 
Fig. 3 and that for the laser-beam machining mode 
shown in Fig. 4 are compared and examined, and 

40 then the laser-beam machining method is carried 
out in the laser-beam machining mode including 
the quick-feed operation only when the approach 
time required by the laser-beam machining mode 
including the quick-feed operation is shorter than 

45 that required by the laser-beam machining mode 
not including the quick-feed operation. 

Referring to Fig. 5, in which feed speed is 
measured on the vertical axis (ordinate) and time is 
measured on the horizontal axis (abscissa), the 

so laser-beam machining time necessary for complet- 
ing the laser-beam machining of the work along the 
machining locus F in the laser-beam machining 
mode, indicated by a continuous solid line, includ- 
ing the quick-feed operation in the process of ap- 

55 proach travel of the laser beam projecting nozzle, 
is A + B. The laser-beam machining time necessary 
for completing the same in the laser-beam machin- 
ing mcde, indicated by dotted line, in which laser- 
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beam machining is started at the position of origin 
OR is C. In the present invention, the laser-beam 
machining times A + B and C are calculated to 
make a comparison between them. 

In Fig. 5, T1 is time commonly necessary for 5 
both cases, i.e., the case wherein the moving 
speed of the laser-beam machining head 9 held at 
the position corresponding to the original position 
OR is increased from zero to the predetermined 
quick-feed speed VO, and the case wherein the jo 
moving speed of the laser-beam machining head is 
increased from zero to the predetermined machin- 
ing speed V1 . Namely, T1 is a first time. 

On the other hand, T2 is time necessary for 
smoothly accelerating the laser- beam machining 75 
head 9 in the initial stage of acceleration or in the 
final stage of raising the moving speed to the 
predetermined quick-feed speed VO or V1 and for 
smoothly decreasing the acceleration in the decel- 
erating stage of the moving speed of the laser- 20 
beam machining head 9 to avoid sharp accelera- 
tion and deceleration. Namely, T2 is a second time 
constant. The time constants T1 and T2 are stored 
as machining conditions beforehand in the memory 
2 of the robot controller 10. 25 

In the machining mode including the quick-feed 
operation indicated by the solid line, the laser 
beam projecting nozzle 9a needs the time A to 
move from the position corresponding to the posi- 
tion of origin OR to the piercing point S and needs 30 
the time B to move at the machining speed V1 
from the piercing point S to the laser-beam ma- 
chining starting point E on the machining locus E 
after completing piercing. The laser beam projec- 
ting nozzle 9a requires time C to move at the 35 
machining speed V1 to the laser-beam machining 
starting point E after completing piercing at the 
position corresponding to the position of origin OR. 

When a conditional expression, A + B < 
C (1) is satisfied, it is decided that the quick- 40 
feed operation is effective. When a conditional ex- 
pression, A + B k C (2) is satisfied, it is de- 
cided that the quick-feed operation is ineffective. 

The CPU of the robot controller calculates the 
laser- beam machining time. A + B and C on the 45 
basis of the data stored in the memories 1 and 2. 
The times A, B and C are calculated by using the 
following operation expressions for different cases 
as functions of the machining conditions, i.e., the 
distances R and L, the predetermined quick-feed 50 
speed VO, the predetermined machining speed V1 
and the time constants Tl and T2, stored before- 
hand in the memory 1 . 

Case 1: The moving speed of the laser beam 
projecting nozzle 9a can be increased from zero 55 
to the predetermined quick-feed speed VO when 
the laser beam projecting nozzle 9a is moved in 
the laser-beam machining mode including the 



quick-feed operation along the straight path from 
the position corresponding to the position of 
origin OR to the position corresponding to the 
piercing point S (VO x T1 < R - L). 

A = [(R - L) - (VO x T1)A/0] + 2 x (T1 + T2)- 

■ (3) 

Case 2: The moving speed of the laser beam 
projecting nozzle 9a cannot be increased from 
zero to the predetermined quick-feed speed VO 
when the laser beam projecting nozzle 9a is 
moved in the laser-beam machining mode in- 
cluding the quick-feed operation along the 
straight path from the position corresponding to 
the position of origin OR to the position cor- 
responding to the piercing point S (VO x T1 £ R 
- L). 

A = [(R - L)A/0] + T1 + (2 x T2) (4) 

Case 3: The moving speed of the laser beam 
projecting nozzle 9a can be increased to the 
predetermined quick-feed speed V when the 
laser beam projecting nozzle 9a is moved from 
the position corresponding to the piercing point 
S to the position corresponding to the laser- 
beam machining starting point E on the machin- 
ing locus F in the laser-beam machining mode 
including the quick-feed operation (V1 x T1 < 
L). 

B = [L - (V1 x T1)/V1] + 2 x (T1 + T2) (5) 

Case 4: The moving speed of the laser beam 
projecting nozzle 9a cannot be increased to the 
predetermined quick-feed speed VO when the 
laser beam projecting nozzle 9a is moved from 
the position corresponding to the piercing point 
S to the position corresponding to the laser- 
beam machining starting point E on the machin- 
ing locus F in the laser-beam machining mode 
including the quick-feed operation (V1 x T2 £ L). 

B = (L/V1) + T1 + (2x T2) (6) 

Case 5: The moving speed of the laser beam 
projecting nozzle 9a can be increased from zero 
to the predetermined machining speed V1 after 
piercing when the laser beam projecting nozzle 
9a is moved from the position corresponding to 
the original position OR to the position cor- 
responding to the laser-beam machining starting 
point E on the machining locus F in the laser- 
beam machining mode not including the quick- 
feed operation (V1 x T1 < R). 

C = i(R - V1) T1/V1] + 2 x (T1 + T2) (7) 
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Case 6: The moving speed of the laser beam 
projecting nozzle 9a can be increased from zero 
to the predetermined machining speed V1 after 
piercing when the laser beam projecting nozzle 
9a is moved from the position corresponding to 
the position of origin OR to the position cor- 
responding to the laser-beam machining starting 
point E on the machining locus F in the laser- 
beam machining mode not including the quick- 
feed operation (V1 x T1 £ R). 

C = R/V1 + T1 + (2 x T2) (8) 

The conditional expressions (1) and (2), and 
the operation expressions (3) to (8) are stored 
beforehand in the memory 1 of the robot controller 
10, and the machining conditions are stored in the 
memory 2. When controlling the feed operation of 
the additional motion-axis mechanism 8 to enable 
the laser-beam machining head 9 to achieve preci- 
sion laser- beam machining, the CPU of the robot 
controller 10 executes calculation by using the con- 
ditional expressions (1) and (2) to decide whether 
or not the quick-feed operation is effective and, if 
the quick-feed operation is effective, automatically 
gives a quick-feed command through the interface 
1 1 to the motor controller 1 2. 

If the CPU decided that the quick-feed opera- 
tion is ineffective, the CPU automatically provides a 
machining command requesting the execution of 
piercing at the position of origin OR at a machining 
speed specified in a laser-beam machining pro- 
gram and the start of laser-beam machining at the 
machining speed VO from that position. 

The graph of Fig. 5 used for the foregoing 
description shows an example of the variation of 
the feed speed V with time T; it may be readily 
understood that graphs for the cases 2, 4 and 6 are 
different from the graph of Fig. 5. 

As is apparent from the foregoing description, 
according to the present invention, when carrying 
out precision laser-beam machining by moving the 
laser beam projecting nozzle of the laser-beam 
machining head, which is positioned and held be- 
forehand at the position of origin OR of the machin- 
ing locus by the robot operation of the movable 
components of the laser robot, along the machining 
locus F with the two. drive motors MA and MB of 
the additional motion-axis mechanism of the laser 
robot, first the robot controller calculates the time 
necessary for moving the laser beam projecting 
nozzle along the straight approach path from the 
position of origin OR to a position corresponding to 
a point on the machining locus in a laser-beam 
machining mode in which laser-beam machining is 
started after carrying out piercing operation at the 
original position OR and the time necessary for 



moving the laser beam projecting nozzle along a 
straight approach path from the position of origin 
OR to a position corresponding to a point on the 
machining locus by another laser-beam machining 

5 mode in which the laser beam projecting nozzle is 
moved along a straight approach path from the 
position corresponding to the position of origin OR 
to a position corresponding to the piercing position 
on the straight approach path at a comparatively 

10 fast quick-feed speed, piercing operation is carried 
out at the piercing position, and then laser-beam 
machining is carried out at a comparatively slow 
machining speed, on the basis of the known ma- 
chining conditions for the operation of the laser 

75 robot and the additional motion-axis mechanism, 
compares the calculated necessary times, and 
gives a quick-feed command automatically to the 
additional motion-axis mechanism to carry out la- 
ser-beam machining only when the necessary time 

20 required by the laser-beam machining mode in 
which the laser beam projecting nozzle is moved to 
the position corresponding to the predetermined 
piercing point at the quick-feed speed is shorter 
than the other necessary time. Accordingly, the 

25 operator's troublesome decision, using a trial-and- 
error method, is unnecessary and the precision 
laser-beam machining using the additional motion- 
axis mechanism of the laser robot is carried out 
automatically in the laser-beam machining mode 

30 including the quick-feed operation, which greatly 
improves the efficiency of the laser-beam machin- 
ing. When the laser robot is operated for laser- 
beam machining, the time necessary for complet- 
ing the machining of a workpiece can be readily 

35 curtailed regardless of the skill of the operator. 

DESCRIPTION OF REFERENCE NUMERALS AND 
CHARACTERS 
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Robot unit 
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Robot base 
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Robot body 
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Robot turning body . 
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Robot upper arm 
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Robot fore arm 
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Claims 

1. A laser-beam machining method in which a 
laser beam projecting nozzle of a laser robot is 
fed by two feed motors for a straight approach < 
travel along a straight approach path from a 
position corresponding to a predetermined po- 
sition of origin on a workpiece to a position 
corresponding to a starting position of a de- 
sired machining locus, and subsequently the n 
laser beam projecting nozzle is fed from the 
starting position along the desired machining 
locus, comprising: 

presetting a distance R of the straight ap- 
proach travel, a quick-feed speed VO, a ma- 75 
chining speed V1, respective time constants 
indicating respective times necessary for the 
feed speed to increase from zero to the set 
quick-feed speed, and necessary for the ma- 
chining speed to increase from zero to the set 20 
machining speed as machining conditions; 

calculating, on the basis of the machining 
conditions, a first approach time necessary for 
machining the workpiece by a laser beam from 
the position of origin selected as a piercing 25 
position where the laser beam projected from 
the laser beam projecting nozzle pierces the 
workpiece to the starting position set on the 
desired machining locus at a predetermined 
machining speed along a straight approach 30 
path; 

calculating, on the basis of the machining 
conditions, a second approach time necessary 
for selecting a predetermined piercing position 
near the starting position set on the straight 35 
approach path, quick-feeding the laser beam 
projecting nozzle from a position correspond- 
ing to said position of origin to a position 
corresponding to said predetermined piercing 
position at a quick-feed speed faster than said 40 
predetermined machining speed, and carrying 
out laser-beam machining after piercing the 
workpiece from a predetermined point on said 
straight approach path to said starting position 
at said machining speed by feeding the laser 45 
beam projecting nozzle along a straight path; 

comparing said first and second approach 
times; and 

quick-feeding the laser beam projecting 
nozzle from the position corresponding to said 50 
position of origin to the position corresponding 
to said predetermined piercing position only 
when said second approach time is shorter 
than said first approach time. 

55 

2. A multi-articulated laser robot including a multi- 
articulated laser robot unit, and an additional 
motion-axis means provided with two feed mo- 



tors for feeding the laser beam projecting noz- 
zle of the laser robot unit for a straight ap- 
proach travel along a straight approach path 
from a position corresponding to a predeter- 
mined position of origin on a workpiece to a 
position corresponding to a starting position on 
a desired machining locus, and feeding the 
laser beam projecting nozzle from the position 
corresponding to the starting position along the 
desired machining locus, and control means 
for controlling the operation of the additional 
motion-axis means, said control means com- 
prising in combination: 

a storage means capable of storing, as 
preset machining conditions, a distance R for 
said straight approach travel, a predetermined 
quick-feed speed VO, a predetermined machin- 
ing speed V1, respective time constants cor- 
responding to respective times necessary for a 
feed speed to increase from zero to said pre- 
determined quick-feed speed, and necessary 
for a machining speed to increase from zero to 
said predetermined machining speed; 

a calculating means capable of calculating, 
on the basis of said machining conditions 
stored in said storage means, 

a first approach time necessary for ma- 
chining the workpiece by a laser beam from 
said position of origin selected as a piercing 
position where the laser beam projected from 
said laser beam projecting nozzle pierces the 
workpiece to said starting position on said de- 
sired machining locus at said predetermined 
machining speed along a straight path, and 

a second approach time necessary for 
quick-feeding the laser beam projecting nozzle 
from a position corresponding to said position 
of origin to a position corresponding to a pre- 
determined piercing position at said predeter- 
mined quick-feed speed faster than said pre- 
determined machining speed by selecting said 
predetermined piercing position at a position 
near said starting position on said straight ap- 
proach path, and for carrying out the laser- 
beam machining after piercing the workpiece 
from a predetermined point on the straight 
approach path to said starting position at said 
machining speed by feeding the laser beam 
projecting nozzle along a straight path; and 

a command control means for providing a 
quick-feed command to said two drive motors 
only when said second approach time is deter- 
mined to be shorter than said first approach 
time from comparison of said first and second 
times calculated by said calculating means. 

3. A multi-articulated laser robot according to 
claim 2, wherein said storage means com- 
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prises a random access memory (RAM) ar- 
ranged so as to be rewritten therein. 

4. A muJti -articulated laser robot according to 
claim 2, wherein said command control means 5 
for providing a quick-feed command to said 

two feed motors comprises a motor control 
means arranged so as to be connected to said 
calculating means by an interface means. 

10 

5. A multi-articulated laser robot according to 
claim 2, wherein said control means is built in 
and accommodated in a robot control means 
of said multi-articulated laser robot. 
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